Purpose: Talaromyces marneffei (T.M) is an intracellular opportunistic fungus that causes invasive mycosis in patients with or without human immunodeficiency virus (HIV) infection. Hemophagocytic lymphohistiocytosis (HLH) caused by T.M infection is extremely rare. Here, we analyzed the clinical features, immune mechanisms, treatment, and prognosis related to this comorbidity. Patients and Methods: This retrospective study was conducted between August 2012 and February 2019 at multiple research centers. Patients who presented with culture and/or histopathological proof of talaromycosis-associated HLH were included. Results: HIV-negative patients (n = 126) were enrolled. Of nine patients with T.M infection combined with secondary HLH, six were preschool children (five boys and one girl), and three were adults (two men and one woman). Seven of these nine had underlying diseases or recurrent infections. The most common symptoms were fever, anemia, hypoproteinemia, cough, weight loss, oral thrush, lymphadenopathy, hepatomegaly, splenomegaly, digestive symptoms, joint pain, and dyspnea. All patients showed reduced hemoglobin concentrations and platelet numbers. Liver dysfunction, hyperferritinemia, elevated lactate dehydrogenase, and low natural killer cell numbers were observed. Eight of nine patients received antifungal therapy, one patient did not receive therapy, and two of nine patients received anti-HLH therapy. Four died during treatment. Conclusion: T.M fungemia associated with HLH was related to high mortality. Once diagnosed, timely and effective antifungal treatments and supportive care are essential.
Introduction
Talaromyces marneffei (T.M), formerly known as Penicillium marneffei, can cause talaromycosis marneffei (TSM), a systemic deep fungal disease. T.M can cause human infections in immunocompromised and healthy hosts. Recently, more cases of T.M infection have been described in human immunodeficiency virus (HIV)-negative individuals. Common clinical features of T.M infection among these non-HIV-infected patients include fever, malaise, weight loss, skin and soft tissue lesions, hepatosplenomegaly, lymphadenopathy, cough, and dyspnea. 1 T.M infection is associated with high mortality because it is commonly misdiagnosed during the early stages of the disease. 2 Moreover, secondary hemophagocytic lymphohistiocytosis (SHLH), 3 a rare clinical syndrome characterized by hyperinflammatory responses, high morbidity, acute onset, rapid progression, and high mortality, occurs as a comorbidity with other infections, particularly Epstein-Barr virus (EBV) and bacterial infections. 4 However, SHLH has rarely been shown to be associated with TSM. Indeed, only three cases have been reported in the literature; [5] [6] [7] one case was in an HIV-negative patient, whereas the other two were HIV-positive cases. HLH is characterized by fever, cytopenia, splenomegaly, abnormal liver function, and hemophagocytosis (phagocytosis of erythrocytes, leukocytes, platelets, and their precursors by macrophages) in bone marrow. 7 The clinical features of TSM are similar to those of HLH, clinicians are easy overlook, therefore, SHLH may be misdiagnosed as T.M infection deterioration, thereby affecting clinical outcomes. Accordingly, it is important to promote awareness of this comorbidity among clinicians.
In this study, we describe TSM associated with SHLH in nine patients without HIV. Our findings are expected to improve the rate of early recognition and facilitate the initiation of treatment.
Materials and Methods

Study Population
The medical records of 126 HIV-negative patients who were diagnosed with T.M infections between August 2012 and February 2019 at The First Affiliated Hospital of Guangxi Medical University, The Second Affiliated Hospital of Guangxi Medical University, and The Fourth People's Hospital were reviewed. Nine HIVnegative patients infected with T.M leading to SHLH were retrospectively evaluated. Data extracted from the medical records included demographic information (sex and age), clinical characteristics, laboratory findings, and clinical outcomes.
This study was approved by the Faculty of Medicine at The First Affiliated Hospital of Guangxi Medical University [2019(KY-E-061)]. All patients or patient's parents provided written informed consent. The study was carried out in accordance with the principles of the Declaration of Helsinki. The first author vouches for the completeness and accuracy of the data and for the fidelity of the study to the protocol.
Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (i) HIV-negative; and (ii) a clear diagnosis of T.M infection with hemophagocytic lymphohistiocytosis. Patients diagnosed with T.M infection but who were HIV-positive were excluded.
Determination of HIV Status
Two enzyme-linked immunosorbent assays (Enzymun-Test, Anti-HIV1+2; Boehringer Mannheim GmbH Diagnostica, Mannheim, Germany) were used to test the sera for the presence of anti-HIV antibodies. Any sera that were negative for anti-HIV antibodies underwent repeat testing at our hospital and at the Guangxi Centers for Disease Control and Prevention.
Methods Used to Diagnose T.M Infection
There were three methods used for pathological and pathogen examination. First, direct examination was performed. In this approach, direct smears of peripheral blood, bone marrow, skin lesions, and puncture fluid from marrow were all stained with Wright stain. Microscopic examination showed yeast-like cells with irregular sizes and shapes and clear septa. 8 Second, cultures of clinical specimens (blood, bone marrow, sputum, and skin) were performed on Sabouraud's dextrose agar (SDA) at 25°C and 37°C. Positive cultures for T.M were characterized as dimorphic fungi that grew as a mold at 25°C and as a yeast at 37°C. A unique characteristic of the T.M mold is the presence of a soluble red pigment that diffuses into the agar, making the reverse side appear either pink or red at 25°C. 9 Finally, the yeast form of T.M was confirmed by cytological and histopathological assessments of tissue and secretion samples using Periodic Acid-Schiff or Wright staining, which revealed the characteristic morphology of intracellular yeast-like or sausage-like cells measuring 2-3 mm in diameter with transverse septa. 10 
Diagnostic Criteria for HLH
Patients were eligible if they met the 2004 Histiocyte Society Criteria for HLH diagnosis (HLH-2004). 11 These criteria included a molecular diagnosis consistent with HLH and five of the following eight findings: fever (≥ 38.5°C for more than 7 days); splenomegaly; cytopenia affecting at least two of three lineages (i.e., hemoglobin < 90 g/L, platelet count < 100 × 10 9 /L, neutrophil count < 1.0 × 10 9 /L); hypertriglyceridemia (≥ 3 mmol/L) and/or hypofibrinogenemia (≤ 1.5 g/L); hemophagocytosis in bone marrow, spleen, liver, or lymph nodes; hyperferritinemia (≥ 500 µg/L); low or absent natural killer (NK) cell cytotoxicity; and elevated level of serum-soluble CD25 (i.e., soluble interleukin-2 receptor ≥ 2400 IU/mL).
Results
Demographic Data and Clinical Characteristics
During the 6-year study period, nine HIV-negative cases of T.M infection were evaluated at the hospital. All nine cases were born in Guangxi Province and had stayed in areas endemic for T.M in southern China. Patients who were diagnosed with TSM-associated SHLH satisfied the diagnostic criteria of HLH-2004. Six of nine cases were in preschool children (five boys and one girl; median age: 20 months [range: 17.3-33.5 months]). The median time from the onset of symptoms to diagnosis was 1.4 months (range: 0.9-2.5 months). The remaining three patients were adults (two men and one woman; median age: 42 years [range 40-49 years]). The median time from the onset of symptoms to diagnosis was 6.6 months (range: 6.4-9.1 months). Among the nine patients, six had underlying diseases or recurrent infection. The most common symptoms were fever and anemia. Seven patients had cough, six had weight loss, and two each had oral thrush, lymphadenopathy, hepatomegaly, and splenomegaly. One patient had digestive symptoms and joint pain, and dyspnea was also present ( Table 1) .
Laboratory Examination
All patients showed reduced hemoglobin concentrations and platelet counts. Complete blood count examinations revealed decreased white blood cell levels in seven patients (77.8%) and decreased hemoglobin concentrations, platelet counts, and neutrophil counts in five patients. The median albumin level was 22.0 g/L, which was below the normal range for all patients (range: 20.6-23.3 g/L). Six patients (66.7%) showed liver dysfunction. The median ferritin, triglycerides, and fibrinogen levels on presentation were 4451.9 ng/mL (range: Fever, cough and sputum production, malaise, weight loss, dental ulcer 1052.5-13,647.1 ng/mL), 4.1 mmoL/L (range: 1.9-6.3 mmol/L), 0.87 g/L (range: 0.48-2.28 g/L), respectively, and 66.7% of patients had increased prothrombin times ( Table 2 ).
Inflammation and Immunological Indexes
C-reactive protein concentrations and erythrocyte sedimentation rates were increased in all patients. Four showed reduced globulin, and serum IgG levels were increased in three patients (37.5%). Notably, patient 4 showed decreases in serum globulin, serum IgG, IgA, and IgM. Two patients (50.0%) showed significant reductions in CD4 + T-cell counts and CD8 + T-cell counts. Six of seven patients (85.7%) showed low NK cell counts (Table 3) .
Chest Radiography and Computed Tomography (CT)
Chest CT indicated that all patients had different pulmonary lesions. Four (44.4%) had diffused patchy density shadow. Seven (77.8%) had pleural inflammatory reaction and/or pleural effusion, and six (66.7%) had mediastinal and/or hilar lymphadenopathy. Two (22.2%) had pericardial effusion, cavities, pulmonary consolidation, and osteolytic lesions in the ribs ( Figure 1A and B).
Fungal Culture and Histopathology
Fluid was aspirated from the bone marrow, blood, pleural effusion, bronchoalveolar lavage fluid, and dermal secretions. Samples were then inoculated onto SDA and incubated at 37°C or 25°C. Nine cases were confirmed to be positive for T.M culture. T.M was isolated from venous blood (6/9, 66.7%), bone marrow (3/5, 60%), sputum samples (2/5, 40%), and dermal lesion secretions (2/2, 100%). In addition, three cases were diagnosed with T.M infection by histopathology or cytology of specimens obtained from bone marrow (2/7, 28.6%) or lymph nodes (1/1, 100%). Bone marrow aspirate from three patients (3/7, 42.9%) showed histiocytic hyperplasia and marked hemophagocytosis ( Figure 2A and B), and all bone marrow analyses showed the absence of leukemia.
Diagnosis of TSM and HLH
Diagnosis of HLH requires fulfillment of the criteria described in the Methods. Patient 7 was progressing rapidly, and some examinations were not performed ( Table 4 ).
Treatments and Outcomes
Antifungal therapy was administered to eight patients immediately after the diagnosis of TSM; however, one patient died of disseminated intravascular coagulopathy before the diagnosis of T.M infection, and antifungal therapy was not administered. Patients 4 and 7, who received hematopoietic stem cell transplantation recipients, and hematology patients who have been treated with novel targeted therapies, including anti-CD20 monoclonal antibodies and kinase inhibitors. 17 However, T.M infection associated with HLH is extraordinarily rare, and only three prior cases have been reported; one case occurred in an HIV-negative patient with Sjogren's syndrome treated with prednisolone and cyclophosphamide, 5 whereas the other two (one a child 6 and one an adult 7 ) were HIV-positive. To the best of our knowledge, this is the first study reporting the clinical features and progress of TSM-associated SHLH. The nine patients described in this study were all HIV-negative; six of these nine were preschool children, who showed common growth dysplasia and recurrent bacterial or viral infections. Three were adults, two of whom had underlying diseases, such as hyperthyroidism or systemic lupus erythematosus. These findings suggested that patients with severe immunodeficiencies or immune abnormalities were at higher risk of T.M infection. T.M infection in HIV-negative children may be related to immunodeficiencies, such as Th17 deficiency, autosomaldominant gain-of-phosphorylation signal transducer and activator of transcription (STAT) 1 mutations, and heterozygous missense mutations in exon 12 of the STAT3 gene. Analysis of STAT1 and STAT3 mutant genes showed that Th1 and Th17 immune responses play important roles in host infection with T.M. 13, 16 In this study, patient 5 had a medical history of frequent oral thrush, and patient 4 died of heart failure, severe multiple organ failure, hypogammaglobulinemia, and agranulocytosis. However, in this patient, there was no conclusive diagnosis of immunodeficiency, suggesting that the patients may have undefined severe cellular immune dysfunction. In adults, even HIV-negative patients with TSM, without any underlying diseases, are likely to develop a new type of adult immunodeficiency syndrome owing to the presence of anti-IFN-γ autoantibodies. This can be the cause of cell-mediated immunity defects in HIV-negative adults. The pathogenesis of T.M infection associated with SHLH may involve severe inflammatory response syndrome caused by congenital or postinfection immune deficiency or by severe infection. The imbalance of immunomodulation, accumulation of immunocompetent cells, and production of inflammatory cytokines are key factors in the pathogenesis of HLH. 17 Animal models have been shown to play key roles in IFN-γ production by CD8 + T lymphocytes in the pathophysiology of 
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HLH. 18 CD4 + T lymphocytes mediate immunodeficiency to play key roles in HIV-positive patients. 19 Importantly, in our study, CD4 + T cells, CD8 + T cells, and immunoglobulin were also abnormal but gradually became normal as the disease status improved, suggesting that T.M infection could lead to immune dysfunction. Prior literature and our study showed that HLH in HIV-negative children patients with T.M infection was more common than that in HIVpositive patients. However, the mechanisms and diagnosis of adult-onset HLH are poorly understood, and further studies are needed to improve our understanding of these topics.
It is difficult to differentiate between T.M fungemia and HLH owing to their similar manifestations. According to the literature, when TSM occurs in HIV-negative hosts, white blood cells are increased, reaching up to 57.48 × 10 9 /L. 20 Therefore, when TSM is diagnosed, white blood cell levels are typically low. Alternatively, when patients exhibit the rapid onset of pancytopenia, relevant examinations should be performed in time to identify possible SHLH. The diagnostic criterion of HLH includes neutrophils of less than 1 × 10 9 /L; if neutrophils are reduced to granulocyte deficiency, the infection is often severe, and the prognosis is poor, as was observed for patient 4. In addition, the platelet count of the peripheral blood is also an index that needs to evaluate at an early stage. When patients with TSM exhibit acute platelet decline, clinicians should consider excluding SHLH. Increases in serum ferritin, lactate dehydrogenase, and liver enzymes are also useful indexes for the diagnosis of HLH. 21 The presence of nucleated red blood cells in peripheral blood on bone marrow smears usually indicates bone marrow infiltration in the absence of serious hemolysis, hemorrhage, or sepsis. 22 Hemophagocytic cells can be found by multisite bone marrow puncture when patients with TSM exhibit whole blood cell reduction, elevated ferritin levels, and hypertriglyceridemia. Even if no hemophagocytic cells were found in bone marrow, HLH could be diagnosed. All of our patients satisfied the diagnostic criteria for HLH-2004, although not all of their bone marrow smears contained hemophagocytes. Compared with adults, the incidence of hepatosplenomegaly in children is higher. 10 When T.M infection leads to SHLH, splenomegaly may be caused by reactive proliferation in the spleen as well as T.M invasion of the spleen. These findings may be explored further to identify the etiology of T.M.
Our patients had the highest culture-positive rates in blood, indicating that the infection could become severe and spread hematogenously to other organs, potentially leading to severe inflammatory reactions. Invasion of monocyte-macrophage systems, particularly the blood, bone marrow, liver, spleen, lung, lymph nodes, and skin, by infection can cause multiple organ failure, abnormal proliferation of histiocytes, and even myelosuppression. Combined with gradual decreases in platelets and hemoglobin, similar to symptoms observed in HLH, patients may eventually die of disseminated intravascular coagulation (DIC).
Talaromycosis leading to SHLH, particularly in patients with underlying diseases, runs a rapid progressive course with high mortality rates, and early application of effective antifungals is an important measure for improving prognosis. In the nine patients in our study with TSM-associated SHLH, five died (mortality rate of 55.6%) during treatment; the causes of death were leukemia, heart failure, sepsis, DIC, and septic shock. The findings from previous studies have shown that amphotericin B, itraconazole, and fluconazole are useful antifungal options for T.M infection. 23 In our study, eight cases were treated with antifungal therapy, among which two were initially treated with fluconazole; these patients died of heart failure or septic shock within 2 weeks. The initial use of fluconazole in patient 9 was ineffective for 1 week, and the patient then received voriconazole, resulting in improvement of condition after 2 weeks of replacement. Fluconazole, although effective in the initial treatment, can easily lead to resistance and should not be the first choice. 24 Because of the low nephrotoxicity, high sensitivity, and high efficacy of voriconazole, intravenous voriconazole could be recommended as the initial antifungal agent for infants. Five cases were treated with intravenous voriconazole. In addition, the clinical symptoms were improved, and the final oral administration of voriconazole or itraconazole was completed after 4-24 months, resulting in clinical cure. In patients with defective immune systems, compared with itraconazole, amphotericin B treatment shows faster clinical efficacy, enhanced fungal clearance, and significantly lower recurrence rates. 25 However, regardless of what type of initial treatment is used, in the absence of clinical effects within 7 days, antifungal therapy should be replaced, and amphotericin B can be considered if necessary. We have reported an HIV-negative patient who relapsed after 4 years; therefore, for immunodeficiencies, longer-term secondary prophylaxis and follow-up may be necessary, the withdrawal of drugs should be based on the complete disappearance of clinical symptoms and signs, normal imaging examination, and, more importantly, the return of immune function to normal. Infection-associated HLH can result in poor outcomes. Predictors of a poor prognosis include age older than 30 years, the presence of disseminated intravascular coagulation, anemia with accompanying thrombocytopenia, and elevated ferritin level. 22 Indeed, patient 5 died of serum ferritin levels greater than 10,000 ng/mL and DIC.
There is still no unified standard regarding whether patients with TSM-associated SHLH should receive standardized chemotherapy. The treatment duration is typically 8 weeks in patients with HLH who do not have an identifiable genetic defect. 22 In this study, treatments were CS and/ or IVIG in six patients and CS + etoposide + IVIG in two patients. One patient received supportive care without anti-HLH treatment and finally died. In a review of three cases of TSM-associated SHLH, only IVIG and CS therapy were given to patients with HLH, and after a full course of antifungal therapy, the condition was improved. [5] [6] [7] Three patients in this group were given active antifungals, CS, and IVIG after diagnosis. Only one case was cured clinically using a combination of an antifungal combined with etoposide. After infection with T.M, the immune function of the body is suppressed, and chemotherapeutic drugs may lead to further aggravation of bone marrow or immunosuppression, which is disadvantageous for controlling the infection and could aggravate the risk of spread of the infection. Importantly, small amounts of short-term hormones are beneficial for controlling inflammatory responses caused by T.M infection. If effective antifungals are given, but bone marrow suppression, peripheral blood leukocytes, platelets, anemia, and other blood cell counts do not improve significantly, it may be effective to attempt the HLH-2004 chemotherapy regimen. HLH is a serious complication of T. M infection, and antifungal therapy is an important approach for controlling the disease. Thus, application of antifungal therapy should be an acceptable course of treatment; however, in HIV-negative hosts, TSM may recur because of the complexity of the immune deficiency mechanism, and a longer treatment duration may be needed. In areas endemic for T.M infection, when patients are diagnosed with HLH, after excluding viral infection and other types of infections, infection caused by T.M must be considered. Moreover, the etiological basis of infection should be analyzed, particularly in children. Once diagnosed, clinicians should take time to identify the underlying mechanisms of immune deficiency.
One limitation of this study is that we did not perform a complete immunological study to identify all possible immunological abnormalities in these patients because this was a retrospective study. More studies are needed to address key questions regarding the use of prospective surveillance and optimal treatment strategies.
Conclusions
T.M infection leading to HLH is extremely rare and associated with a high mortality rate. However, it is difficult to differentiate between T.M fungemia and HLH. Thus, when patients are diagnosed with HLH, after excluding viral infections and other types of infections, infection caused by T.M must be considered. Once diagnosed, clinicians should carefully consider the mechanisms of immune deficiency, and timely, effective antifungal treatments and supportive care are essential.
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